Antibacterial and antioxidant activity, total phenolic and flavonoid concentrations of water, ethanol and ethyl acetate extract of fruits and leaves of Vaccinium myrtillus L. were studied. The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) have been determined. Testing was performed on 30 clinical isolates, including strains of Escherichia coli, Enterococcus faecalis and Proteus vulgaris. The values for MIC were in the range from 5 to 40 mg/ml. The most sensitive bacterial strain was Enterococcus faecalis MF-Ef8 strain. The ethanol extract of fruits of V. myrtillus was found the most active. The total phenolic content was determined using Folin-Ciocalteu reagent and ranged between 31.44 to 119.17 mg GAE/g. The concentration of flavonoids in extracts was determined and the highest amount was in ethyl acetate extract of leaves of V. myrtillus. Antioxidant activity was monitored spectrophotometrically using 2,2-diphenyl-1-picrylhydrazyl (DPPH) reagent. The highest capacity to neutralize DPPH radicals (94%RSA) was found in the ethanol extract from fruits and in the water extract from leaves of V. myrtillus. The results of the total phenolic content determination of the examined extracts indicate that bilberry extracts are a rich source of phenolic compounds and also possess a significant antioxidant activity and moderate antibacterial activity.
INTRODUCTION
Bilberry (Vaccinium myrtillus L.) is a deciduous shrub growing to 50 cm, with elliptical leaves. The flowers are single on short stems. The fruits are berries, globular, dark purple, juicy and sour (Kovačević, 2002) . In many European countries, the bilberry is one of the most economically important wild berry species (Tomićević et al., 2011) . Different Vaccinium species (V. myrtillus, V. vitisidaea, V. macrocarpon) are used in phytomedicine and pharmacy. Fruits of these species may have additional health benefits as they are rich in phytochemicals such as anthocyanins which are responsible for their red, purple and blue colours. Previous studies demonstrated that plants with high content of anthocyanins, had significant antibacterial effect (Hearst et al., 2010) . In vitro studies indicate that anthocyanins and other polyphenols in berries could be substantial in the treatment of heart disease (Basu et al., 2010; Routray and Orsat, 2011) , including antioxidant (Denev et al., 2010) and antiadhesion activity against bacteria (Huttunen et al., 2011) . Compounds such as quercetin and phenolic acids could play an important role in the possible health effects of berries (Paredes-López et al., 2010) . Bilberry fruits contain up to 10% tannins, anthocyanins, organic acids, and pectins. The leaves contain tannins, flavonoids, and a small amount of arbutin. In traditional medicine, fruits of V. myrtillus are much used as antidiarreal while leaves are used as astringent and diuretic (Sarić, 1989) . In addition, V. myrtillus leaf infusions are traditionally used as a folk medicine treatment of diabetes, although recent studies show weak results (Helmstädter and Schuster, 2010) . Urinary tract infections are among the most common bacterial infections acquired in the community and in hospitals. Treatment of these infections with antibiotics leads to a more rapid resolution of symptoms and is more likely to clear bacteriuria, but also selects for resistant uropathogens and commensal bacteria. So, it is advisable to seek alternative methods of prevention and treatment of urinary tract infections (Foxman, 2010) .
Although there are papers on phytochemical analysis of leaves and fruits of this plant (Jaakola et al., 2002; Jaakola et al., 2004) , the aim of this study was to determine and compare the antibacterial and antioxidant activity of different extracts of fruits and leaves of this plant collected on Borja Mountain (RS, Bosnia and Herzegovina, W. Balkans). The second aim of this paper was to determine the total phenol and flavonoid content in water, ethanol and ethyl acetate extracts using spectrophotometric methods.
MATERIALS AND METHODS

Plant material
In summer of 2009, ripe fruits and leaves of V. myrtillus were collected from natural populations on Borja mountain in the region of Teslić city in southeast Republic of Srpska, Bosnia and Herzegovina (position: 44°35′N, 17°35′E, altitude: 180.00 m, habitat: coniferous forest). Plants were identified and confirmed and voucher specimens were deposited at the Herbarium of the Department of Biology and Ecology, Faculty of Science, University of Kragujevac. The collected plant material was air dried in darkness at ambient temperature (20°C). The dried plant material was cut up and stored in paper bags until needed.
Chemicals
Organic solvents and sodium hydrogen carbonate were purchased from Zorka pharma" Šabac, Serbia. Gallic acid, rutin hydrate and aluminium chloride hexahydrate (AlCl3) were purchased from Acros Organics, New Jersey, USA. Chlorogenic acid, Folin-Ciocalteu phenol reagent and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were obtained from Sigma Chemicals Co, St Louis, MO, USA.
Preparation of plant extracts
Prepared plant material (10g) was transferred to dark-coloured flasks with 200 ml of solvent (water, ethanol, ethyl acetate) and stored at room temperature. After 24 h, infusions were filtered through Whatman No. 1 filter paper and residue was re-extracted with equal volume of solvents. After 48 h, the process was repeated. Combined supernatants were evaporated to dryness under vacuum at 40°C using Rotary evaporator. The obtained extracts were kept in sterile sample tubes and stored at -20°C.
Determination of total phenolic contents in the plant extracts
The bilberry extracts were analyzed for total phenolics spectrophotometrically by the Folin-Ciocalteu procedure (Wootton-Beard et al., 2011) . The reaction mixture was prepared by mixing 0.2 ml of methanolic solution of extract (1 mg/ml) and 1.5 ml of 1:10 FolinCiocalteu reagent dissolved in water. The mixture was allowed to equilibrate for 5 min and then mixed with 1.5 ml 6% NaCO3 solution. After incubation for 90 min at room temperature in darkness, the absorbance of the mixture was read at 725 nm against a blank using spectrophotometer. The blank was prepared with methanol instead of extract solution. The samples were prepared in triplicate and the mean value of absorbance was obtained. The same procedure was repeated for gallic acid which was used for calibration of standard curve. Total phenol content is reported as gallic acid equivalents by reference to linear equation of the standard curve (y = 0.008x + 0.0077, R² = 0.998). Then, the total phenolic content was expressed as gallic acid equivalents in miligrams per gram of extract (mg GAE/g of extract).
Determination of flavonoid concentrations in the plant extracts
The concentrations of flavonoids was determined using spectrophotometric method with aluminium chloride (Quettier-Deleu et al., 2000) . The sample contained 1 ml of methanolic solution of the extract in the concentration of 1 mg/ml and 1 ml of 2% AlCl3 solution dissolved in methanol. The mixture was vigorously shaken, and after 10 min of incubation at room temperature, the absorbance versus a prepared blank was read at 430 nm using spectrophotometer. The samples were prepared in triplicate and the mean value of absorbance was obtained. Rutin was used as a standard for calibration of standard curve. The concentrations of flavonoids were calculated from the linear equation of standard curve (y = 0.021x + 0.040, R² = 0.999). Then, the concentrations of flavonoids were expressed as miligram of rutin equivalent per gram of extract (mg of RUE/g of extract).
Evaluation of DPPH scavenging activity
The ability of the plant extract to scavenge DPPH free radicals was assessed using the method described by Takao et al. (1994) . The stock solution of the plant extract was prepared in methanol to achieve the concentration of 2000 µg/ml. Further, two-fold dilutions were made to obtain concentrations of 1000, 500, 250, 125, 62.5 µg/ml. Diluted solutions of extract (2 ml each) were mixed with 2 ml of DPPH methanolic solution (80 µg/ml). After 30 min in darkness at room temperature, the absorbance was recorded in a spectrophotometer at 517 nm. The control samples contained 2 ml of methanol added to 2 ml of DPPH solution. Chlorogenic acid was used as a positive control. The experiment was performed in triplicate. Scavenging activity is expressed as the inhibition percentage calculated using the following equation:
Scavenging activity (%) = 100 x [(Acontrol − Asample) / Acontrol)]. Where, Acontrol is the absorbance of the control and Asample is the absorbance of the extract.
Test bacterial strains
Antibacterial activity of water, ethanol and ethyl acetate extract from dried fruits and leaves of V. myrtillus was tested against 30 strains of bacteria including ten strains of Escherichia coli (Mf-Ec1, Mf-Ec2, Mf-Ec3, Mf-Ec4, Mf-Ec5, Mf-Ec6, Mf-Ec7, Mf-Ec8, Mf-Ec9, MfEc10), ten strains of Enterococcus faecalis (Mf-Ef1, Mf-Ef2, Mf-Ef3, Mf-Ef4, Mf-Ef5, Mf-Ef6, Mf-Ef7, Mf-Ef8, Mf-Ef9, Mf-Ef10) and ten strains of Proteus vulgaris (Mf-Pv1, Mf-Pv2, Mf-Pv3, Mf-Pv4, MfPv5, Mf-Pv6, Mf-Pv7, Mf-Pv8, Mf-Pv9, Mf-Pv10). The E. coli strains and P. vulgaris strains represented Gram-negative bacteria. Bacterial strains of E. faecalis were Gram-positive. All clinical isolates were a generous gift from the Institute of Public Health, Banja Luka.
Suspension preparation
The original density of the bacterial suspension was 0.5 Mc Farland after which the additional dilution in saline at the proportion of 1:10 was made. The final concentration of the bacteria in the test tubes was 10 6 colony forming units (CFU)/ml.
Macrodilution method
The minimum inhibitory concentration (MIC) of the extracts was determined by the tube dilution method through the series of dilutions (NCCLS, 1997) . In the test tubes filled with the Mueller Hinton broth, the solution of the extracts was added and the series of double dilutes was made. In each of the test tubes, the 100 µl of the suspension of the tested bacteria was added. The 24 h incubation at the temperature of 37°C was conducted. The minimum bactericidal concentration (MBC) is the lowest concentration of the tested substance which has the bactericidal effect. These values were collected by inoculation of the Mueller Hinton agar with the test tube content; it was the content from the test tubes in which the MIC was found and all the test tubes had more than the MIC found. Amoxicillin was used as a positive control.
Whereas the extracts were dissolved in 10% dimethyl sulfoxide (DMSO), solvent control test was performed to study the effects of 10% DMSO on the growth of bacterial strains. It was observed that 10% DMSO did not inhibit the growth of bacteria.
Statistical analysis
SPSS program was applied only when the mean was calculated. Data are presented as means ± standard deviations.
RESULTS
Total phenolic content and flavonoid concentrations
The results of total phenolic content in the plant extracts are presented in Tables 1 and 2 . The total phenolic content was expressed as gallic acid equivalents and ranged from 31.44 to 99.34 mg GAE/g in the extracts of fruits. The extracts obtained from leaves of V. myrtillus were richer in phenolic active compounds than the extracts of the fruit. The water leaves extract had the highest phenolic content with 119.17 mg of GAE/g of extract. The summary of quantities of flavonoids identified in the tested extracts is shown in Tables 1 and 2 . The concentration of flavonoids in various extracts of V. myrtillus was determined using spectrophotometric method with aluminium chloride. The content of flavonoids was expressed as rutin equivalent. Total flavonoid content 62.5 62.5
Concentration s 
Antioxidant activity
The antioxidant activity of six different extracts from V. myrtillus is expressed in Figure 1 . The largest capacity in neutralization of DPPH radicals was measured in the ethanol extract from fruits of V. myrtillus and water extract from leaves of bilberry. In measuring total phenolic content, water extract showed the highest values. The extracts performing the highest antioxidant activity had the highest concentration of phenols.
Antibacterial activity
The results of in vitro antibacterial activities of water, ethanol and ethyl acetate extracts from fruits and leaves of V. myrtillus against 30 strains of Gram-positive and Gram-negative pathogenic bacteria are presented in Tables 3 and 4 . Extracts from V. myrtillus inhibited several urinary pathogens extracted from urine samples. In general, the activity of extracts depended both on the species of bacteria and on the type and concentration of extract and varied between 10 and 40 mg/ml. The ethanol and the ethyl acetate extract of fruits showed better activity than water extract in relation to strains of E. faecalis and P. vulgaris. The all tested extract from leaves showed similar activity against strains of E. coli, E. faecalis and P. vulgaris. The most sensitive strain of tested bacteria towards ethanol extracts of fruits and leaves of V. myrtillus was strain of E. faecalis MFBL-Ef8. On the other hand, strains of E. coli were the most resistant. All tested extracts demonstrated approximately similar activity in relation to the tested different strains of same bacteria.
DISCUSSION
Based on the obtained values of the concentration of flavonoids in the examined extracts of V. myrtillus, it was found that the highest concentration of these compounds was in the extracts obtained using solvents of moderate polarity. The concentration of flavonoids in plant extracts depends on the polarity of solvents used in the extract preparation (Min and Chun-Zhao, 2005) , different locations from which the plant came and plant growing conditions. The ethanol extract from fruits and water extract from leaves of V. myrtillus had high concentration of total phenols, which is in correlation with the intense antioxidant activity of extracts. ¹Minimum inhibitory concentration (MIC) and ²minimum bactericidal concentration (MBC) values are given as mg/ml for plant extracts and µg/ml for antibiotic.
Berry fruits are very rich sources of bioactive compounds as phenolics and organic acid. Comparison of the antibacterial effects of extracts from fruits and extracts from leaves of V. myrtillus showed that phenolic compounds were only partially responsible for the growth inhibition of bacterial strains and most of the antibacterial effects probably originated from other compounds such as organic acids. Previous studies support our research data to a great extent (Puupponen-Pimia et al., 2005b; Badjakov et al., 2008) . Differences in the results related to some strains of bacteria can also be explained by different sensitivity of tested species of bacteria, different methods of testing and the solvents used. In previous study, PuupponenPimia et al. (2005a) investigated the antimicrobial activity of extracts from fruits of bilberry on Salmonella enterica and Staphylococcus aureus and determined that V. myrtillus possess clear antimicrobial effects on these bacteria.
E. coli is a bacterium that is commonly found in the intestine. Most E. coli strains are commensals. However, some strains can cause severe disease (Brzuszkiewicz et al., 2011) . Enterococci are Gram-positive commensals of the gastrointestinal tract of humans. E. faecalis is an important cause of infections in hospitalized, immunocompromized patients (Schaik et al., 2010) . Proteus species have an important place in environmental pollution bioremediation. Proteus sp. from various environments are able to utilize and degrade many variety of toxic materials. Many researches have reported the potential biodegradation of xenobiotics by the members of Proteus genus (Ceyhan, 2012) . The results of our research indicate good antibacterial activity of fruits of V. myrtillus. Thus, fruits and leaves of V. myrtillus should be considered a potential source of antibacterial substances. Anthocyanins and phenolic acid derivates were identified in previous investigations on V. myrtillus. Several studies demonstrated strong antioxidant activity of these phenolic compounds (Nakajima et al., 2004; Viljanen et al., 2004; Ehala et al., 2005) . Recent studies confirm these findings also for phenolic composition and antioxidant capacity of bilberry leaves (Martz et al., 2010) . Literature data indicate that the V. myrtillus is a medicinal plant in traditional medicine and it is applied as a source of active substances (Taruscio et al., 2004; Faria et al., 2005; Cooke et al., 2006) . Leaves of V. myrtillus can prevent urinary tract infections. Fruits of bilberry have been used for the treatment of urinary tract infections.
Conclusions
The results of this research suggest that water, ethanol and ethyl acetate extracts of V. myrtillus inhibit the growth of human pathogens and can have significant effect on the prevention of the urinary tract infection. Antibacterial compounds from V. myrtillus may have important applications as natural antibacterial agents. Therefore, the fruits and leaves of this plant are natural sources of antioxidant substances of high importance.
